A4STRACT Significant liquid-structure theory has been used to calculate the transport properties of the alkali metals. Unlike previous calculations, the volume and temperature dependence of the solid-like structure has been taken into consideration. Equations for the potential energy as a function of volume of the alkali metals, which lead to agreement between calculated and experimental values of thermodynamic and transport properties, are given. The calculated results are in satisfactory agreement with the experimental data.
There are three types of theories of transport phenomena of liquids and dense gases. The first, developed by Enskog (1), treats molecules as rigid spheres and has been successfully applied to dense gases. A second, introduced by Kirkwood (2) , starts from Liouville's equation and obtains expressions for the flux vectors in terms of nonequilibrium radial distribution functions, but, due to its mathematical complications, relatively few calculations have been performed so far. A third, due to Eyring, Ree, and coworkers (3) (4) (5) , uses significant liquid structure theory, applying absolute reaction rate theory to calculate the transport properties. Carlson, Eyring, and Ree (6) first applied this theory to calculate the thermodynamic and transport properties of liquid metals. They obtained viscosities and self-diffusion coefficients for sodium and mercury using calculated liquid molar volumes differing somewhat from the experimental values.
Since Hsu, MacKnight, and Eyring have obtained good results for the molar volumes (7), the thermodynamic properties (7) , and the surface tensions (8) (1)
Here n and a are dimensionless constants, E. is the potential energy of the lattice, T is the absolute temperature, R is the gas constant, and f. and fg are the solid-like and the gas-like partition functions, respectively, The Helmholtz free energy A is defined as A = -kTlnf, and the thermodynamic properties have been calculated from A and its first and second derivatives with respect to volume and temperature (7) . Furthermore, the significant liquid-structure theory provides the basis for calculating transport properties. Since the fraction V./V of the shear plane is covered by solid-like molecules and the rest, (V -V.)/V, is covered by gas-like molecules, the viscosity v is given by (4) where the subscripts s and g are the quantities belonging to the solid-like and the gas-like molecules, and Tand S are the total stress and the rate of strain, respectively. The gas-like viscosity 0, derived from the kinetic theory of gases is (9) 
where m, k, and d are the molecular mass, Boltzmann's constant, and the diameter of the molecules, respectively. By using Eyring's early viscosity theory (10) and by assuming the Newtonian flow in the viscous flow-rate processes, Ree, Ree, and Eyring (4) (6) Substituting Eqs. (5) and (6) into Eq. (4), we have the viscosity equation of liquids
Here, h, K, and 0 are Planck's constant, the transmission coefficient, and the Einstein characteristic temperature, respectively, and Z and a' are dimensionless parameters.
The self-diffusion coefficient, D, may be calculated by means of an equation given by Eyring and Ree (3)
where t is the number'of nearest neighbors of the diffusing molecule in the plane perpendicular to the direction of diffusion. For hexagonal packing, the value of t is six. (12) From Eqs. (10) and (12), we find d = 2c/V8o = -2Eo0Va0J. (13) Substituting Eqs. (12) and (13) into Eq. (9), we obtain (14) To correct the Einstein characteristic temperature 0, the Gruneisen constant y, defined as follows, is used y = -(dlno/dlnV.) (15) accordingly 0 = Oo(Vo/Vs)t (16) where 0o is Einstein's characteristic temperature at 00K.
The molar volume of the solid-like molecules in liquids is taken as V8 = V80(1 + aT) (17) These considerations fix E., V., and 0.
CALCULATION
To test the correctness of the solid-like structure, the solidlike partition function has been used in testing the agreement between the calculated and measured compressibility, e., of the solid.
For the Helmholtz free energy we have A. = -kTlnf.N = -RTlnf, A. = -E. + 3RTln(1 -e-/T) (19) from which all the thermodynamic properties of the solid can be calculated. For The Gruneisen constant y, the molar volume of the solid at 0K, Vo0, the Einstein characteristic temperature at 0K, 0o, and the molar volumes of the solid, V., at various temperatures, are taken from experimental data (11) . The sublimation energy of 00K, Ea0, is taken from Nesmeyanov's results (12) . Thej (17) , in which the thermal expansion coefficient a, is determined empirically and is listed in Table 1. The parameters a' and Z, the transmission coefficient K, and the molecular diameter d in Eq. (7) perpendicular to the direction of diffusion, t, used for this work are listed in Table 1 . The calculations of viscosity and self-diffusion coefficient of the alkali metals are straightforward using Eqs. (7), (8), (14), (16), and (17) (14), and Rbhlin and Lodding (15) . When the lattice structure is known, one can relate the potential energy as a function of volume, as given by Eq. (9), to a pair potential of the Lennard-Jones type. The reason the compressibility is chosen as a criterion to determine the j value in Eq. (9), is because the compressibility is related (17) to (i) the heat of sublimation, (ii) the lattice energy, and (iii) the melting point. In Grfineisen's theory of solids (18) , it was proposed that the attractive and the repulsive forces between particles are functions of 1/r, where r is the distance between two particles. The potential energy 4 of two atoms 
